Purpose Individuals diagnosed with high survival cancers will often die of cardiovascular disease (CVD) rather than a recurrence of their cancer, yet CVD risk factors may be overlooked during survivorship care. We assess the prevalence of CVD risk factors among long-term cancer survivors and compare results to survey data from the general population in the same geographic region. We also characterize how often at-risk survivors discuss CVD-related health behaviors with their health care providers. Methods Survivors (n=1,582) of breast, prostate, colorectal, and gynecologic cancers, 4-14 years after diagnosis, were recruited from two California cancer registries for a crosssectional mail survey. We assessed CVD risk factors, including smoking, body mass index, physical inactivity, hypercholesterolemia, hypertension, and diabetes, as well as report of discussions with health care providers about diet, exercise, smoking, and lifestyle change assistance. Results With the exception of current smoking, CVD risk factors were more common among survivors than the general adult population. Of survivors, 62.0 % were overweight or obese, 55.0 % reported hypertension, 20.7 % reported diabetes, 18.1 % were inactive, and 5.1 % were current smokers. Compared to white, non-Hispanic survivors,
Hispanic (b=0.37, p=0.007) and African-American (b= 0.66, p<0.0001), but not Asian, survivors reported significantly more risk factors. One in three survivors with one or more risk factors for CVD did not report a health promotion discussion with their health care providers. Conclusions CVD risk factors are common among longterm survivors, but many at-risk survivors may not discuss lifestyle prevention with their health care team. Primary care and oncology should work together to deliver optimal survivorship care that addresses CVD risk factors, as well as prevalent disease. Implications for cancer survivors Cardiovascular disease may compromise cancer survivors' long-term health and well-being, yet cardiovascular risk factors may be overlooked during survivorship care. We document that CVD risk factors are common among cancers survivors, yet nearly a third of survivors do not report health promotion discussions with their medical teams. Survivors should be aware of their cardiovascular risk factors and initiate discussions with their medical teams about health promotion topics, if appropriate.
Keywords Cancer survivorship . Cardiovascular diseases . Risk factors . Health behaviors . Epidemiology . Cancer Individuals diagnosed with cancers that typically have high survival rates (i.e., with 5-year relative survival exceeding 80 %) will often die of cardiovascular disease (CVD) rather than progression or recurrence of their cancer [1] [2] [3] . Further, cancer survivors also have an elevated risk of non-cancer death compared to age-standardized mortality rates [3, 4] , with CVD being the most common cause. Several factors may converge to increase the risk of CVD among survivors [5] . First, survivors are typically older than the general population and may be more likely to develop CVD due to modifiable risk factors common to both cancer and CVD (e.g., overweight/obesity, smoking, and physical inactivity [6] [7] [8] ). Second, the direct effects of cardiotoxic cancer therapies (radiation, chemotherapy) and the indirect effects of concomitant lifestyle changes (weight gain, reduced physical activity after treatment) further exacerbate CVD risk. Thus, CVD risk is an important clinical issue for the nearly 12 million cancer survivors in the USA [9] .
Limited data exist regarding the prevalence of CVD risk factors among survivors [10] and especially variation in risk factors by type of cancer. Many, but not all, recent studies of the general adult population have found elevated rates of CVD risk factors among racial/ethnic minorities, particularly African-Americans [11] [12] [13] . It remains unknown if patterns of CVD risk by race/ethnicity persist among survivors and how often survivors with CVD risk factors receive health promotion guidance from their providers. Prior survivor studies focusing on receipt of health promotion advice [14, 15] have not focused on the population of survivors most at risk, those with behavioral risk factors.
To inform models of survivorship care that address prevention and management of CVD, we assessed the prevalence of CVD risk factors among long-term cancer survivors overall, and by race/ethnicity and cancer site, and compared the results to survey data from the general population in the same geographic region. We hypothesized that long-term survivors would have a higher prevalence of CVD risk factors than comparable adults. We also estimated the proportion of long-term cancer survivors who reported a health promotion discussion with a physician. Consistent with prior research [14, 15] , we expected that a substantial proportion of long-term cancer survivors would not report having health promotion discussions with a physician.
Methods
Cancer survivor sample (from the Follow-up Care Use in Survivors Study)
Follow-up Care Use in Survivors (FOCUS) study details have been described previously [16, 17] . We identified survivors with a primary diagnosis of breast, prostate, colorectal, or gynecologic (endometrial or ovarian) cancers who, at the time of diagnosis (1992-1995 and 1997-2001) , resided in the catchment area of the Los Angeles County Cancer Surveillance Program (LA CSP) and the Cancer Prevention Institute of California (CPIC) Surveillance, Epidemiology, and End Results (SEER) cancer registries. We selected a random sample of 6,391 survivors using strata defined by cancer site, time since diagnosis (4-9 and 11-14 yearscentered around 5 and 10 years), age at diagnosis (21 to 64 and 65 to 79 years), gender, and race/ethnicity [non-Hispanic white, black or African-American, Asian Pacific Islander (API), and Hispanic]. After excluding survivors who were deceased, incapacitated, bedridden, unable to comprehend the questions, out of the country, did not read English, were currently receiving cancer treatment other than maintenance medications, whose physicians did not approve contact, or denied having cancer, there were 4,981 eligible survivors. We were unable to locate current contact information for 40.2 % of eligible survivors, despite using extensive tracing methods. Of the 2,977 survivors we contacted, 1,667 completed the survey (55.6 %). Among eligible located patients, the only factors significantly associated with lower response were older age, colorectal cancer diagnosis, and diagnosis 11-14 years ago. The final analytic sample consisted of 1,582 cancer survivors who reported they were cancer free.
Survey procedure The FOCUS study was approved by the Institutional Review Boards at the University of Southern California and the CPIC. Data collection by LA CSP and CPIC staff occurred between March 2005 and July 2006. Survivors were mailed a letter explaining the study and patient's rights, along with the questionnaire. Interviewers conducted telephone follow-up to encourage survey completion if the survey was not returned after 3 weeks. Survivors received a $20 check (from the LA CSP) or a $25 money order (from CPIC) for completing the survey. Optical scan data entry and quality control processing occurred after scanning the paper questionnaires.
Smoking was defined as current (daily or "some days a month"), former (at least 100 lifetime cigarettes but not currently smoking), and never (less than 100 lifetime cigarettes). We classified survivors into three physical activity (PA) groups: meeting American College of Sports Medicine/American Heart Association's PA guidelines for adults [18] (≥150 min of moderate-intensity or 60 min of vigorousintensity PA per week), some PA, but below guideline level, or no PA. Questions assessed the number of times per week (once, two to four, five to seven, eight to 10, or ≥10) and the minutes per episode (<10, 10-19, 20-29, 30-59 , and ≥60) of moderate and vigorous PA. As in prior studies of cancer survivors [19] , we set values equal to the minimum value in the range because adults tend to over-report PA [19] .
We calculated body mass index (BMI; in kilograms per square meter) from self-reported height and weight and classified low/normal BMI as ≤25 kg/m 2 , overweight as 25-29.9 kg/m 2 , and obese as ≥30 kg/m 2 . We defined hypertension and diabetes as present if survivors reported an everdiagnosis of hypertension or diabetes. We classified survivors as having a history of CVD if they reported that they had ever been diagnosed with irregular heartbeat, heart failure, cardiomyopathy, myocardial infarction, angina, pericarditis, or stiff or leaking heart valves.
Survivors were asked about discussions with a physician or other health professional during the past 2 years about (1) diet, (2) exercise, (3) smoking, and (4) assistance with making lifestyle changes. Self-reported sociodemographic variables included current age, race/ethnicity, and educational attainment (high school graduate or less, some college or technical degree, and college graduate). We used cancer registry data to determine cancer site and time since diagnosis and to supplement sociodemographic data if necessary. We ascertained limited treatment data, defined as yes/no for surgery, chemotherapy, radiation, and maintenance hormonal therapy, by combining data from the cancer registries and questionnaire.
Comparison sample
Data from the 2005 California Health Interview Survey (CHIS) [20] , an independently administered telephone survey of 43,020 adults in California, conducted by the UCLA Center for Health Policy Research in collaboration with the California Department of Public Health and the Department of Health Care Services, were used to generate prevalence estimates of CVD risk factors from the adult population living in the same geographic area as the cancer survivor sample [21] . We included CHIS data from Los Angeles county and nine counties in the Greater Bay Area Cancer Registry catchment area and restricted the sample to white non-Hispanic, Hispanic, Black, and API adults ages 50-93 (an age range that was represented by 94 % of the cancer survivor sample).
Although the surveys were conducted independently, the CVD risk factor questions were very similar, with the exception of physical activity which queried about activity in the last 7 days, rather than the last 4 weeks. We coded CHIS responses for smoking, BMI, hypertension, and diabetes using the same methodology we applied to the cancer survivor sample. For physical activity, CHIS participants were asked about walking for transportation and fun/exercise in addition to questions about moderate and vigorous physical activity in the last 7 days. In CHIS, PA responses were coded into a variable with three levels: regular PA (vigorous activity 20 min or more three or more days a week or moderate activity 30 min or more three or more days a week), some PA (walking at least 10 min for transportation or fun, vigorous activity in the past week, or at least 10 min of moderate activity in the past week), and sedentary/no PA (less than 10 min walking for transportation or fun or no PA in the past week). These levels are very similar to the levels in the FOCUS sample, especially for the binary comparison variable (any moderate or vigorous PA vs. none).
Data analysis We conducted weighted analyses using SUDAAN (Research Triangle Institute, version 10.0.1.) to account for the stratified sampling design. First, we examined the prevalence of CVD risk factors in FOCUS compared to CHIS. We used binary coding of the risk factor variables ( Fig. 1) for these comparisons. All CHIS CVD risk factor prevalence estimates were calculated using the Ask-CHIS analysis tool [22] . Risk factor prevalence in the FO-CUS sample was compared to the CHIS sample using t tests for independent samples.
Next for the survivor sample, we report the prevalence and 95 % confidence intervals for each CVD risk factor stratified by race/ethnicity and cancer site. Missing data were omitted. Prevalence of missingness for CVD risk factors ranged from 3 to 7 %. We also used bivariate logistic regression analyses to estimate the odds of having a given CVD risk factor by race/ethnicity, age, and cancer site. The number of CVD risk factors was summed, and race/ethnicity, age, and cancer site were examined as predictors of risk factor count using multivariable linear regression models. We report unadjusted odds ratios (OR) and 95 % confidence intervals (95 % CI) for these associations. Finally, we examined the prevalence of preventive health discussions with a provider for survivors with each risk factor. Race/ethnicity, age, and cancer site were examined as predictors of receiving provider health promotion discussions.
Results

Survivor characteristics
Demographic and disease characteristics for the FOCUS sample reflect the sampling plan and are shown in Table 1 . Half of the sample was female and non-Hispanic white, respectively. Two thirds were 65 years or older, and over half had been diagnosed with stage 0/1 cancer. Surgery was the most common cancer treatment (84 %), followed by radiation (36.1 %) and chemotherapy (30.6 %).
Comparison of cardiovascular risk factors in long-term cancer survivors and the comparison sample 
Predictors of risk factor count
On average, cancer survivors reported a total of 1.6 CVD risk factors. In multivariable models, race/ethnicity and age, but not cancer site, were significant predictors of total number of CVD risk factors. Compared to white, non-Hispanic survivors, Hispanic (b = 0.37, p = 0.007) and AfricanAmerican (b=0.66, p<0.0001), but not API (b=0.18, p= 0.10) survivors reported significantly more risk factors. Survivors aged 65 to 79 years, but not the 80+ group, reported significantly more risk factors than younger survivors (b=0.38, p=0.0006). Among the current smokers, 87 % reported a discussion with their doctor about smoking. Reports of exercise and dietary discussions were significantly more common among those survivors with hypertension, diabetes, and those who were overweight or obese (Table 2) . However, physically inactive survivors were not more likely than active survivors to report exercise discussions or lifestyle change assistance.
Cancer survivors with a history of CVD were significantly more likely to report exercise discussion and lifestyle change assistance, but not dietary discussion (Table 2) . Of the cancer survivors with one or more CVD risk factors, 33.6 % did not report a discussion about diet, 29.2 % did not report a discussion about PA, and 34.3 % did not report assistance from a health care provider with lifestyle change. Cancer site, race/ethnicity, and age were not associated with health promotion discussions or health behavior change assistance in either bivariate or multivariable logistic regression models (data not shown).
Discussion
CVD risk factors and a history of CVD were common in this population of long-term survivors. All of the reported CVD risk factors are preventable or modifiable; however, a substantial proportion of survivors (15-30 %) at risk for CVD do not report health promotion discussions with their providers. The rates of health promotion discussion in our study Physical activity was classified as meeting American College of Sports Medicine/American Heart Association's physical activity guidelines for adults [18] (≥150 min of moderate-intensity or 60 min of vigorous-intensity physical activity per week), some moderate or vigorous physical activity, but below guideline level, or those reporting no moderate and no vigorous activity in the past 4 weeks. Self-report of ever diagnosis with hypertension or diabetes defined these risk factors. There were significant overall differences by cancer site for all of the cardiovascular risk factors except diabetes and high cholesterol (p<0.05). Odds ratios for comparison of each site to breast cancer are reported in the text. b Prevalence of cardiovascular risk factors among long-term cancer survivors (FOCUS) by race/ethnicity. There were significant overall differences by race/ethnicity for all of the cardiovascular risk factors except smoking (p<0.05). Odds ratios for comparison of African American, Latino, and Asian survivors to white, nonHispanic survivors are reported in the text were higher than those reported in a national sample of cancer survivors where less than half of survivors reported discussions about diet, exercise, or smoking [14] . Possible explanations for the differences include the cancer-specific nature of our questionnaire or the restriction of the current study sample to long-term survivors from California. Interestingly, we did not observe differences in provider health promotion discussion rates by age, race/ethnicity, or cancer site (a proxy for gender). Data from the National Ambulatory care survey suggests that ethnic minorities, women, and younger adults (<75 years) may be more likely to receive diet and physical activity counseling during ambulatory visits [23] . Our results suggest that it may be difficult to assess which survivors are not receiving health promotion discussion by risk factors or basic characteristics. Importantly, we relied on patients' recollection of preventive health discussions. Provider perception or discussions documented in the medical record may not be consistent with patient report. Providers caring for cancer survivors may need additional education regarding how to screen and provide referrals or interventions for this patient population. All CVD risk factors, with the exception of smoking, were more common among survivors compared to the comparison sample. In contrast, a prior study of cancer survivors and matched controls found elevated rates of current smoking and a lower prevalence of overweight/obese BMI among US survivors [10] . Our survivors were less likely to report current smoking (5 %) compared to survivors in this study (35 %) , possibly because they were older and our sample did not include smoking-related cancers. Our study also included a much larger proportion of racial/ethnic minority survivors and was restricted to survivors diagnosed in California, one of the first states to implement comprehensive tobacco control strategies. Similar to what we observed in our cancer survivors, the CHIS adults appeared healthier on several CVD risk factors compared to national prevalence data (e.g., lower rates of current smoking and physical inactivity compared to National Health and Nutritional Examination Data [24] and a large cohort study [13] ). Our comparison sample was not matched to our survivor sample, but was restricted to adults in the same California counties with roughly the same age range. Race/-ethnicity distribution was similar in this comparison population, although the percent of African-Americans was slightly higher in our sample (18 vs. 9 %). This approach is useful in order to provide a context for our results, which focused on long-term survivors, but does not account for differences in age, health status, or other potentially important CVD risk factor differences between survivors and the general adult population. In addition, although questions assessing risk factors in CHIS and FOCUS were similar, they were not identical, possibly leading to difference in measurement error between the two groups.
As is common in many surveys, we suspect there was overreporting of physical activity and under-reporting of health compromising behaviors such as smoking or overweight/obese BMI by the survivors. We also did not have data regarding other important CVD risk factors including hypercholesterolemia, fasting glucose, diet quality, and inflammatory markers. Future studies should examine a larger set of CVD risk factors among long-term cancer survivors. Further, we could not fully explore the role of gender because three of our four included cancer sites were restricted to one gender. In addition, because these data were cross-sectional, we could not tell how CVD risk factors and discussions with medical providers changed over the cancer trajectory. Although our response rate among located survivors was similar to recent population-based studies of cancer survivors [25, 26] , nonresponse may have introduced error. Another significant limitation of this study was that treatment data were not ascertained from the medical records. Even though we asked survivors about treatments received and utilized data from the cancer registries, this approach was insufficient to determine if survivors received treatment regimens linked with cardiovascular complications, and thus could not be included in our analyses. Breast cancer survivors would have been most likely to receive treatment with cardiotoxic regimens (e.g., chest wall irradiation or treatment with anthracyclines), but we did not see an associated increase in risk factor prevalence or history of CVD in this group. Future studies need to examine risk factor prevalence and CVD prospectively in large samples with well-characterized treatment histories This paper contributes to the growing literature on the importance of managing traditional risk factors for CVD in survivors of all ages [27] . Our data suggest that health promotion discussions regarding risk factor reduction may not be taking place in the context of survivorship care. Risk factor counseling may be challenging in the context of brief oncology visits after cancer treatment and busy primary care encounters. Data from office visits indicate that <25 % of adult patients presenting for routine exams received CVD prevention advice; internists had lower rates of counseling compared to cardiologists and family and general practitioners [28] . Data do suggest that survivors who see primary care providers for follow-up cancer care may be more likely to receive disease prevention advice [15] .
Integrated models for cancer-related follow-up care emphasize the critical role of primary care, including internal medicine [29] [30] [31] . Administrative studies have suggested that survivors who see both oncology and primary care may be more likely to receive preventive health services [32, 33] , suggesting the crucial role of primary care in health promotion. With the increasing number of older cancer survivors and increased rates of long-term survival [34] , the prevalence of CVD among cancer survivors is likely to rise. Primary care will play a crucial role in screening cancer patients for CVD risk factors and delivering appropriate care [35] [36] [37] . Ultimately evidence-based prevention programs and clinical practice guidelines are needed to prevent and treat CVD in this vulnerable patient population [7, 35, 36] .
